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The application of RNA interactome capture to plants has enabled 14 
comprehensive determination of the plant RNA-binding proteome and 15 
identified novel families of RNA-binding proteins (RBPs). The technique is 16 
providing insight into the evolution of the eukaryotic repertoire of RBPs and 17 
will enhance prospects for engineering RBPs to improve crop traits. 18 
 19 
RNA interactome capture 20 
The study of RNA-protein complexes started in the 1950’s with the visualization of 21 
transcripts associated with proteins following transcription by RNA polymerase II. 22 
Since then, many experimental studies have aimed to characterize ribonucleoprotein 23 
(RNP) complexes from diverse organisms using different techniques (see Singh et 24 
al. [1] for a review) leading to the biochemical characterization of a number of RNA-25 
binding proteins (RBPs). For instance, Pramanik and Bewley used a combination of 26 
UV crosslinking and chromatography on oligo(dT)-cellulose columns to study RNPs 27 
in alfalfa embryogenesis [2]. Other studies purified RNP complexes using velocity 28 
sedimentation, gel filtration or formaldehyde fixation and isopycnic centrifugation.  29 
 30 
Revised manuscript Click here to download Manuscript
RNA Interactome Capture MBP TIPS revised.docx
2 
 
In the recent years, the combination of these techniques with high-throughput 31 
technologies has boosted the discovery of RBPs. Thus, the use of fluorescent RNA 32 
probes coupled to microarrays or immobilized RNA probes coupled to mass 33 
spectrometry has enabled identification of hundreds of RBPs. Computational 34 
analyses have also been used to identify RBPs based on protein homology and 35 
identification of known RNA-binding domains (RBDs). While valuable to catalogue 36 
RBPs harbouring classical RNA-binding domains, these studies failed to identify 37 
unorthodox RBPs that lack similarity with known RBPs. Moreover, none of these 38 
approaches has succeeded in determining the full range of RBPs that are active 39 
under different cellular states.  40 
 41 
In 2012 Castello et al. and Baltz et al., described a technique termed RNA 42 
interactome capture that enabled comprehensive identification of the human RNA-43 
binding proteome (RBPome) [3–5]. This technique offers the unprecedented 44 
opportunity to study the dynamic behaviour of RBPs under different cellular 45 
conditions since it enables global identification of active RBPs in vivo. However, 46 
because RNA interactome capture is based on the pull-down of poly(A) RNAs 47 
crosslinked to RBPs, it possesses some limitations that should be considered. For 48 
instance, some RBPs might be under-represented due to low efficiency of UV 49 
crosslinking, very transient/weak interaction with RNAs, or binding to non-50 
polyadenylated RNAs (e.g. most of the mature organelle RNAs) rather than poly(A) 51 
RNAs. The application of this method has rapidly expanded to several human cell 52 
lines; and organisms including Saccharomyces cerevisiae, Caenorhabditis elegans, 53 
Drosophila melanogaster, and the parasites Trypanosoma brucei, Leishmania 54 
donovani and Plasmodium falciparum. Therefore, RNA interactome capture has 55 
made an important contribution to the RNA field by enabling systematic identification 56 
of RBPomes in different biological systems. 57 
 58 
Recent studies by Marondedze et al. (2016), Reichel et al. (2016) and Zhang et al. 59 
(2016) [6–8] have provided the first experimental evidence that RNA interactome 60 
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capture can be applied to plants (Figure 1), enabling the determination, for the first 61 
time, of the plant RBPome [9]. 62 
 63 
RNA interactome capture reveals both known and novel proteins in the plant 64 
RBPome 65 
Unsurprisingly, all three studies identified a number of known RBPs or proteins 66 
harbouring known RBDs, thus affirming the robustness of the technique. They also 67 
identified in silico predicted RBPs, demonstrating that they indeed bind RNA in vivo. 68 
A subset of the RBPs identified have orthologs in other organisms including yeast, 69 
mouse or humans, and thus are likely to represent conserved or core RBPs. These 70 
core proteins are normally associated with translation or splicing.  71 
 72 
The three studies identified 79 RBPs as the core RBPome active in the different 73 
Arabidopsis materials tested, including cell suspension cultures and leaves [6]; 74 
etiolated seedlings [7], and leaf mesophyll protoplasts [8]. The remaining candidate 75 
RBPs could represent developmental, tissue or cell-specific RBPs, although further 76 
studies are required to confirm these results [9]. Interestingly, these studies also 77 
identified many proteins with no orthologs in other organisms, no known RBDs, or 78 
for which RNA-binding activity was unprecedented. These include the 79 
photoreceptors phytochrome A and phototropin1, aquaporins, metabolic enzymes 80 
with functions in glycolysis and the citric acid cycle, and enzymes involved in cell 81 
redox homeostasis and photosynthesis. Some of these proteins could, therefore, 82 
represent ‘enigmRBPs’ exclusive to plants that possess moonlighting functions in 83 
RNA regulation or metabolism [10]. Examples of enigmRBPs such as 84 
phosphoglycerate kinase and thioredoxin have been described for other organisms 85 
including yeast or human cells [10]. Other proteins identified as putative RNA-binding 86 
proteins, which are more widely distributed across eukaryotes, include proteins 87 
involved in cytoskeleton and membrane transport, which have been proposed to be 88 
involved in RNA transport around the cell and from cell-to-cell.  89 
 90 
Perspectives and future directions 91 
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The large number of plant RBPs discovered through the application of RNA 92 
interactome capture reveals the critical role of RBPs in a cellular context and 93 
highlights the importance of RBP-mediated regulation for plant development and 94 
physiology. Concordant with the results obtained for other organisms, the subsets of 95 
active RBPs are expected to vary depending on cell type, tissue, developmental 96 
stage or environmental conditions [10,11]. Therefore, application of RNA 97 
interactome capture to different tissues and in different conditions will provide new 98 
insights into the dynamic behaviour of plant RBPomes and will help uncover the cues 99 
that govern RBP activity, fields that currently remain to be explored. Additionally, 100 
with further optimization to capture non-poly(A) RNAs, this technique could be used 101 
to identify organellar RBPs as well as the RBPomes of plants and symbionts or 102 
pathogens functioning during symbiosis and infection, respectively. 103 
 104 
Although all three studies to date have focused on Arabidopsis, future studies will 105 
expand our knowledge of plant RBPs in crop species, potentially identifying RBPs 106 
with critical roles in agricultural traits such as yield, disease resistance or drought 107 
tolerance. Because RBPs can regulate the expression of several different genes 108 
simultaneously and in response to environmental conditions, RBPs could be of 109 
particular interest for plant breeders as targets to increase yield or resistance to 110 
stresses. Furthermore, RBPs often follow a modular design with different RBDs and 111 
auxiliary domains and some studies have successfully engineered RBPs to modify 112 
their RNA-binding activity [12]. Thus, by engineering the specificity, affinity or 113 
versatility of a single RBP it may be possible to affect the expression of multiple 114 
genes simultaneously with minimal genetic modification.  115 
 116 
One of the major impacts of the discovery of the plant RBPome comes to light when 117 
put into a wider evolutionary context. Until now, only the RBPomes of Plasmodium, 118 
Trypanosoma, Leishmania, yeast, worms, flies, mouse and humans have been 119 
described, omitting a crucial group of eukaryotic organisms. Hence, the discovery of 120 
plant RBPomes opens the possibility of bridging the evolutionary gap and 121 
understanding how RBPomes were shaped during evolution and when and how 122 
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individual RBPs evolved. Intriguingly, Reichel et al. identified potential novel RBDs 123 
in plants such as DUF1296 (Domain of Unknown Function 1296). Experimental 124 
validation and structural analysis of these novel RBDs will provide new insights into 125 
the molecular basis of RNA-protein interactions, and it will be of interest to determine 126 
whether these plant-specific RBDs are linked to plant-specific traits.  127 
 128 
The adaptation of RNA interactome capture to the model plant Arabidopsis thaliana 129 
will also encourage further studies in plants involving UV crosslinking approaches 130 
such as crosslinking, immunoprecipitation and sequencing (CLIP-seq) and its 131 
variants [13], to identify the RNAs bound by known and newly identified RBPs. This 132 
will enable comprehensive determination of RBP-RNA networks occurring in plants 133 
and their significance for plant growth, development and responses to environmental 134 
conditions. 135 
 136 
Concluding remarks 137 
In summary, the studies conducted by Marondedze et al., Reichel et al. and Zhang 138 
et al. have provided evidence, for the first time, that RNA interactome capture can 139 
be successfully applied to plants. This technique enables system-wide identification 140 
of active RBPs and their dynamic regulation in different cell types, tissues, 141 
developmental stages and environmental conditions. Additionally, application of 142 
RNA interactome capture to plant species represents a promising tool to understand 143 
how RBPs and RBPomes were shaped during evolution and a unique opportunity 144 
for understanding and engineering RBPs for crop improvement. 145 
 146 
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Figure 1. Overview of RNA interactome capture.  185 
A. Cells are irradiated with UV light at 254 nm to promote crosslinking between RNAs 186 
and proteins that are in intimate contact (1). Next, cells are lysed and mRNAs 187 
pulled-down using oligo(dT) magnetic beads (2). After stringent washes, the 188 
RNA-protein complexes are recovered and can be analysed using different 189 
techniques. Firstly, RNA can be enzymatically digested (3) and the proteins 190 
quantitatively analysed by Mass Spectrometry (4) or Western blotting (5). 191 
Alternatively, the protein fraction can be enzymatically digested (6) and the RNA 192 
analysed by RT-qPCR or RNA sequencing (7). 193 
B. Schematic representation depicting the phylogenetic relationships between the 194 
organisms for which RBPomes have been identified by applying RNA 195 
interactome capture. 196 
 197 
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